Plant pathology has had and continues to have direct relevance and impact on everyday life. The science of plant pathology was born of famine in Ireland in the 1840s. Concerns about the effects of plant diseases on our lives are as relevant today. However, most people don't think about plant diseases, and there is considerable concern among plant pathologists about this lack of awareness and what it portends for the future of our discipline. How do we get the message to the majority of college students, who shy away from science courses in general and never consider taking a course that deals with agriculture? How do we develop an awareness of agriculture's impact on their daily lives? Should agricultural awareness be a required component of higher education now that most students live urban and suburban lives? Even in states where agriculture is a significant component of the economy, many students are ignorant of agriculture's importance. Today, only a very small minority (2 to 3%) of the population produces our food. The need to educate citizens so that they can contribute to food and agricultural policies in a thoughtful and rational way is a critical challenge.
In addition, many departments are now facing new responsibilities for undergraduate courses in the competition for university resources. Can general education courses that explore agricultural issues help fulfill these requirements and, at the same time, benefit the discipline of plant pathology and the individual programs that sponsor these courses?
A number of departments have already initiated such courses in agricultural awareness. In this article, we describe our experiences at two institutions and what we believe these courses accomplish for the students and for the discipline of plant pathology. We also want to encourage more plant pathologists to participate in courses aimed at students who have never heard of plant pathology.
Course Philosophy and Content
The University of Massachusetts course, "Plant Diseases: Feast or Famine," was first taught in 1985. Three years later it was approved as a general education biological science course. UMass general education requirements include three approved science courses. One of the courses must be in the biological sciences, one must be in the physical sciences, and students may choose either area for their third course. Theoretically, then, students could graduate with a single biology course. It is obviously impossible to properly educate someone in biology in a single course, but it is an interesting exercise to think about what the priorities should be. The UMass general education guidelines require that approved courses include the historical development of the science and its relevance to daily life, and should "foster critical thinking." We would hope that all courses foster critical thinking, but certainly plant pathology is a rich resource of relevant issues that require careful analysis before deciding on an acceptable solution.
Course requirements include three exams, four papers on controversial agricultural issues, commentary on two popular media articles, and a final exam (Sidebar 1). The University of Illinois mandates general education in several areas. The "Plants, Pathogens, and People" course fulfills requirements in two of these: life sciences, under the heading of natural science and technology, and composition in a discipline. University of Illinois general education courses are designed "to broaden students' understanding of human thought and achievement…, to develop their communication skills, and to enhance their critical thinking…" Life sciences courses must be introductory courses that present the "fundamentals of biological science," a challenge similar to that at UMass. Composition courses must include substantial writing assignments that "demand analysis and synthesis of the subject matter in the course." As at UMass, plant pathology has provided subject matter that can readily be adapted to fulfill all of these goals. Plants, Pathogens, and People was first taught in 1993 and has had full enrollment of 75 students every year since then. Course requirements include three papers (each with three drafts) on agricultural issues, six short in-class writing assignments, a midterm, and a final exam (Sidebar 1).
To many traditional plant pathologists, it may sound inappropriate or even ridiculous Dr. Schumann's address is: Department of Microbiology, University of Massachusetts, Amherst 01003-2420; E-mail: schumann@pltpath.umass.edu to spend time on such courses. Some might argue that separate courses should not be designed specifically for nonscience students. Many plant pathologists have had the relative luxury of teaching primarily graduate students, upper level undergraduates, and students who are preparing to make their living from plants and have a professional need for knowledge about plant diseases. These students know that their professional future depends on the information they learn.
Without getting into a detailed discussion of this issue, we suggest that the goals and approaches for general education science courses are very different. Science majors are beginning a lifetime of detailed learning about their subject. In contrast, nonscience students need a foundation in concepts. They need to develop the confidence to evaluate new information as it becomes available within the framework of those concepts, even though they are not professional scientists. Anyone who does not think this is a valuable enterprise should consider the inability of many people with advanced degrees in nonscience areas to rationally consider the benefits and risks of pesticide use and genetic engineering. When people feel ignorant about a subject, they tend to take conservative stances out of fear of the unknown and the inability to judge risk. Many controversial issues also have ethical dimensions that should have input from both scientists and nonscientists, who bring a variety of viewpoints to these complex problems.
Why Students Take the Courses
Before we suggest why students take these courses, we will consider why most students take only required science courses. Despite excellent efforts by talented high school teachers, many students retain little information from their high school biology courses. Students often see science as having no relevance to their daily lives. Worse, many students are intimidated by science and science courses. At Illinois, although some students in Plants, Pathogens, and People have taken several college biology courses and are looking for a course in which they can write about science, most students have had no science since high school and come to the course with some trepidation. At UMass, before registering in Plant Diseases: Feast or Famine, students have asked if it is "really hard" or "has a lot of science in it." With such a negative attitude toward science, these students probably skip the science section of the newspaper and cannot evaluate the television reports about pesticide residues, crop surpluses, and other issues related to agriculture. Perhaps if students learn to see biology every time they visit a grocery store, some of the more important principles would remain in their consciousness (Student quotes-1).
When we ask students why they enrolled, they give many different answers. Common responses at both institutions in approximate order of number of responses include "fulfills a requirement," "recommended by a friend," "sounded interesting," and "fit my schedule." The UMass course was offered for several years before it became part of the general education curriculum. Enrollment significantly increased when students were able to earn their science credits by taking the course. Courses that help students meet other requirements may be more likely to be successful at attracting students. In years when a campus poster campaign was possible, enrollment exceeded 50 students. Phone calls to the department office suggested that it was difficult for students to find the course registration information because they were looking under other biologyrelated departments.
At Illinois, students enroll in Plants, Pathogens, and People primarily to fulfill their composition requirement and secondarily to fulfill their science requirement. The fact that students can "double dip" is a significant factor in enrollment, given their tight academic schedules. courses published by the university on the World Wide Web and in the course timetables. Student word-of-mouth has also been a major factor in high enrollment, even though the course is only taught in the fall semester. Communication with first-and second-year students in other colleges of one's own university may not be easy. Some universities offer crosslistings or web-based course publicity, but reaching nontraditional students can be time-consuming and difficult where these options do not exist. These are some real-world problems that occur when we try to attract nonscience students to a course listed under a discipline of which they are unaware.
Benefits of the Courses for Nonscience Students
General education students are particularly challenging to address because they have to be convinced at every lecture that science is interesting, relevant to their lives, and able to be learned. Our experiences with these nontraditional students have been both satisfying and frustrating. Many students in the general education courses do not yet have much direction in their lives. This gives us the opportunity to recruit talented urban and suburban students into the agricultural sciences. A small percentage of our students have actually gone on to become plant pathologists or pursued other areas of biology. To our disappointment, some first-and secondyear students are not yet ready to focus on academics. Even the best teaching efforts will accomplish little with them. Of course, there is the very large majority who will not become plant pathologists, but will leave with a better appreciation of where their food, fiber, and wood products come from and the constraints to their production. A number of students have kept in touch in the semesters following our courses by sending us clippings and articles, contacting us with questions for research papers in other courses, and by sending their friends to take our courses. Students who become teachers can have an enormous potential multiplier effect and reach additional students for many years to come.
Nearly every discussion of the weaknesses of modern higher education addresses the need for critical thinking and improved oral and written communication skills. Students early in their undergraduate careers can benefit greatly from trying to analyze information sources, to determine the biases each author brings to the work, and then to develop opinions that can be well-supported by materials judged to be reliable. Both of our courses require several papers to be written on various agricultural issues (Sidebar 2). Each of us assures the students that they will not be graded on their opinions, but on their ability to support their conclusions. We know that we have found a "hot" topic when the students' opinions are divided. The ability to evaluate source materials is difficult even for mature scientists. It can be overwhelming for undergraduates who have not yet discovered how inaccurate many reports are, especially those in the popular media. Internet sites represent a vast new source of materials that must be carefully evaluated before they are accepted as reliable sources of information.
Writing skills and critical thinking. Everyone despairs of the writing skills of students, but most people learn to write by writing. It is unfortunate that many early undergraduate courses at major land-grant universities are very large and do not lend themselves to writing assignments with faculty feedback. This is probably most true in science courses, which tend to have objective-style exams. Courses designed specifically for nonscience students can focus on their ability to develop rational opinions through writing assignments (Student quotes-2). When students are required to rewrite several drafts of their writing assignments, the students gain even more. Unlike creative writing assignments, these opinion papers can encourage students to hone skills in technical writing that will be useful in numerous future work environments.
Although teaching writing may seem daunting for plant pathologists, it is surprising how easy it is to help students improve without spending excessive time grading writing assignments. At UMass, the writing assignments are quite short (2 to 3 pages). Students are instructed to con-
Sidebar 2 -Examples of Opinion Essay Topics

Quarantines and free trade
How can you, as a legislative aide, educate your legislator about the importance of quarantines and their role in trade? What are the effects of NAFTA on U.S. food producers? consumers? Are quarantines an effective means to prevent spread of Karnal bunt? citrus canker? Relative risk as demonstrated by the pesticide/organic situation Would the food supply be safer if stores could only sell food that was grown "organically"? Should natural food components and food "additives" be regulated in the same way? What would you recommend to a friend who wanted to minimize dietary risk of cancer (What foods should they avoid? What should they eat?)
Genetic engineering
Are genetically engineered foods more or less likely to present dangers to consumers than those created through traditional breeding? Should genetically engineered foods be labeled as such for consumers? Should regulation for the release of genetically engineered plants be different than regulations for microorganisms?
Food safety
How can you minimize the potential for poisoning by microbial contamination in your own food and food preparation? How can you as a (future) parent best ensure that your children have a safe food supply? Cite and describe two examples of recent human poisonings from microbial contamination of food other than meat. Choose 10 vegetables from a garden catalogue. Write why you chose each (color, taste, disease resistance, etc.) and then draw a garden plan in which you group the plants by family for crop rotation. (This is particularly successful with urban students who have never seen a seed catalogue before. Students who already garden enjoy it also.)
Student Attitudes on Writing Assignments
"Writing papers (on issues) was beneficial because it didn't make the whole class all science and facts." "I enjoyed learning and writing about topics that actually affected me."
"The writing assignments got me to think about important issues that I didn't know were important before." "I enjoyed writing the papers, particularly because there was a clear progression and our work was continually evaluated."
"The practice in on-the-spot writing and writing for different audiences (was beneficial). I enjoyed having a specific audience, such as a congressman, to write for."
"The (paragraph length) writing exercises taught me how to be brief and to the point."
Ö Õ centrate on their ideas and writing quality rather than on filling multiple pages. Even short papers are enough to identify common errors in spelling, grammar, and sentence structure. After the first paper, the common errors are discussed, a list is provided, and students are warned that they will be graded more strictly in subsequent assignments. At the University of Illinois, each major paper is written three times, but only the final version receives a grade. Earlier drafts are evaluated in two ways. First, technical errors are noted by check marks in the margins. It is the student's responsibility to find and correct the errors, although the instructor is always willing to go through a paper line by line for a student who has difficulty with English. Second, three or four ideas to improve the paper are written at the end of the draft. These comments may focus on organization, introduction or conclusion, transitions, audience, factual content, support for opinions, or use of resources. Students respond positively to this approach, which helps them target specific areas for improvement rather than having comments written all over their work. It is surprising and rewarding to see how quickly the quality of writing improves when students' attention is focused on common problems in their writing. Appreciation for the human aspects of science. Many students are of the opinion that science is a set of facts produced over time by nonemotional human beings who focus only on the design of the next experiment. From the earliest speculations on the causes of plant diseases (Roman rust gods), the acceptance of the Germ Theory (late blight and the Irish potato famine), and the mysteries of parasitic life forms (mistletoe in various mythologies), the human aspects of science are of great interest to students (Sidebar 3). Students can see scientists as "real people" when they hear how Charles Goodyear set up a workbench in debtor prison so that he could pursue his research on rubber, or how Bea Schwarz's identification of the fungus that causes Dutch elm disease was disbelieved because she was "just" a student! They are particularly interested in the idea that science has not developed in a straight line from one anticipated discovery to the next, but has been a series of leaps forward, backward, and off into dead-end alleys as paradigms shift and strong personalities rule certain areas of research.
Retention. One has to wonder why so little biology is retained from high school courses as we try to improve retention at the college level. First, of course, the students may have taken biology three or more years previously, which is a significant period of time to a typical undergraduate student who feels removed from the world of science. The debate on the best ways to educate biology students has gone on for decades. For example, without minimizing the importance of learning the detailed steps of mitosis and meiosis, one must wonder why it is so difficult for even many biology majors to make a simple statement about the function of each process. If this is true for biology majors, then we must be particularly careful about what we focus on for nonscience students so that the information will be retained and useful for them in their lives.
Active learning may help engage reluctant students and aid in retention. By introducing topics with familiar foods, historical events, and cultural aspects of plant diseases, students can be eased into the science behind them. Because we are concentrating on concepts rather than detailed knowledge, we can allow students to direct the discussions through their questions and opinions and still accomplish our goals. Topics such as genetic engineering and pesticide use can be introduced by asking students to discuss the controversial aspects and identify where they need to know more to understand the issue and develop an opinion. At the University of Illinois, students write short microthemes during class, which often serve as the basis for class discussion. Giving the students time to consider and express their opinions in writing leads to increased participation in the discussions. If students can be given the confidence that they too can read information and make reasonable judgments, they may be more likely to do so even after the class ends. Many first-and second-year students are excited that they can use their new knowledge to identify inaccuracies in media reports. The UMass course requires students to find and write commentary on two media reports related to the course to encourage these connections outside of class. All of these approaches encourage students to see that the instructor does not consider these controversies simple or their solutions obvious, and that our own opinions evolve and change over time.
Simple exploratory lab exercises offer more opportunity for questions, theories, and speculation. Opening students' eyes to biology and plant pathology that they can see every time they go shopping (Rhizoctonia sclerotia on potatoes) or go for a walk (powdery mildews and mycorrhizal mushrooms) may encourage them to remember class material and even share it with their friends or family. Visitors often accompany students to the UMass "fungus party," and some Illinois students discuss the diseases that can increase the cost of Thanksgiving dinner with their families. Students who come to believe
Sidebar 3 -Examples of Subjects Particularly Interesting to General Education Students
Irish potato famine -the science and politics behind a human disaster The Irish potato famine includes almost every topic that one might want to discuss in a general education course, including: movement of food plants and pathogens around the world, the germ theory, the dangers of genetic uniformity and monoculture, the social and political aspects of food production and distribution. Rust gods, St. Anthony's Fire, mistletoe -the connections between agriculture and religion These examples demonstrate how observant ancient people were of the natural world and how they sought to understand and explain these phenomena and protect themselves from harm from plant diseases and food-borne poisons. Genetic code/genetic engineering -the universal nature of genes Any educated citizen needs to understand the basic structure and function of genes in order to appreciate and come to a reasona ble opinion of what can be done, what should be done, and what should not be done. Ergotism, mycotoxins -the existence of "natural" poisons and their effects on animals, including people Most students have an idyllic and inaccurate view of the safety of the food supply of the past. Pesticides -the diversity of chemicals this term includes, how much regulation already exists The use of pesticides is a complex and controversial topic that deserves some analysis. Students rarely understand the concept of relative risk, the variety of chemicals grouped under this generic term, and how scientists determine appropriate regulations.
Parasitic plants -the complex interconnections between plants themselves
The ubiquitous existence of parasites, including plants that parasitize other plants, is an interesting lesson in natural histo ry. Students again can see that ancient people were cognizant of the unusual attributes of these plants when they consider the role of mistletoe at Christmas. Trees -how they grow and live for so many years, how we can protect them
It is important to appreciate the biological differences between plants and animals when learning about their diseases. Tree diseases are often easy to identify and usually easy to find on college campuses, giving students a daily reminder of plant pathology.
that science is fun, interesting, and learnable have gained an important confidence that may help them in all aspects of their academic careers and may contribute to lifelong learning. Forms of life and how they interact. One of the most valuable lessons we have found for such students is the disease triangle. Learned probably on the first day of most standard plant pathology courses, the idea of the interaction of organisms, as modified by their environment, is very enlightening to our students. It opens the door to a study of both the diversity of organisms (i.e., potential pathogens of plants) and their general systematic relationships. Perhaps for the first time, students can begin to consider how an organism is designated as a plant, an animal, or a fungus, and which organisms are more closely related to us. Once the types of organisms have been established, students begin to examine how they interact and how environmental conditions modify that interaction. In too many general biology classes, the various components are treated chapter by chapter without demonstrating the continuous interaction of organisms that makes biology so interesting and exciting. Examples from plant pathology are exemplary tools to demonstrate these interactions.
The dynamic interaction of plants and their parasites also presents the opportunity to examine basic genetics and the sources of genetic change. Some of the most dramatic stories of plant pathology are based on the initial meeting of plants and parasites that have not interacted before. This can lead to a discussion of how organisms change genetically, the sexual cycle, and its role in eukaryotic organisms whether they are diploid, haploid, or dikaryotic in their vegetative state. You can hook students on concepts by introducing them in intriguing ways. For example, every student who takes Plants, Pathogens, and People can tell you that the primary purpose of sex, for a fungus or a plant or a human being, is to create variability in the population. An understanding of the similarity of cellular processes of organisms is as important as what makes them different.
The idea of sexual and asexual reproduction is an important component of the study of many fungal pathogens, but may confuse students initially. They are, however, already familiar with asexual reproduction in plants through bulbs, tubers, cuttings, etc. The story of late blight can be used to compare the tubers and seeds of Solanum tuberosum to the zoospores and oospores of Phytophthora infestans. The relative role of each kind of propagule, the relative role of mutation in different kinds of organisms (i.e., macro-versus microorganisms), and the means of survival of each species can all be discussed.
The blueprints of life and how life evolves. If citizens are expected to make rational decisions about genetic engineering, they need to understand what a gene is and the basic process by which a gene is translated into a protein. All of the students have learned this basic information before, but few have retained it. It was too abstract or too removed from their daily experiences. A simple way to begin is to allow them to actually see DNA by swirling a mass of gram-negative bacteria in 3% KOH until the cell walls dissolve, releasing the DNA. Students can string up amazing quantities of DNA in 20 seconds or so with nothing more than a slide and a toothpick (Fig. 1) . It is particularly impressive when they can observe how small individual bacteria are as part of the exercise. Even though they have heard it before, students don't really appreciate the significance of the phrase "universal genetic code" until they see a transgenic tobacco plant glowing from the presence of the firefly luciferase gene. Most of them are disturbed about the idea of "foreign" genes in their food supply because they don't understand that diverse organisms share many similar or nearly identical genes. Evolutionary studies based on accumulations of mutations of common genes over time are of great interest. Students need to appreciate both the power and the limitations of a single gene.
Parallels to human health. The parallels between plant health and human health are another valuable aspect of courses designed for nonscience students. Very few undergraduates understand the difference between a virus and a bacterium, not to mention fungi. They do not appreciate the limited role of antibiotics in the treatment of diseases and how their misuse can lead to resistance. Koch's postulates are an interesting vehicle for discussions not only of proving pathogenicity of new plant pathogens, but also for human pathogens such as the HIV virus. Antibody-based home diagnostic kits for pregnancy and other medical tests are becoming increasingly popular. These can be explained and easily demonstrated in the classroom using commercial kits for plant pathogens (Sidebar 4).
Agricultural awareness. In the past 15 years, only one student in the UMass course has recognized a potato plant on the first day of class, despite the high concentration of citizens of Irish heritage in Massachusetts. The number of students in the University of Illinois course who can explain why seed corn is often red or green is depressingly small for a corn and bean state. Even though most college students have little knowledge of agriculture, they are no less dependent on the food supply than people were when they first began to cultivate crops. Where have major crops come from? Can this food base be expanded? It is fairly easy to find posters about "saving the rain forest" on most college campuses, and many students have a sense that this is important, but few see its direct impact on their lives. An examination of the centers of origins of the major crops and the concentration of biodiversity in the Tropics is an excellent way to begin a discussion of biodiversity and its importance in ecosystems. A recent issue of "Diversity" put the following quote from U.S. Vice-President Gore on its cover: "The single most strategic threat to the global food system is the threat of genetic erosion." (Fig. 2) . How many college-educated people could give a reasonable explanation of what genetic erosion is and where and why it is happening?
An appreciation of the role of human beings in the world ecosystem should be a focus of biology courses for nonscience students. Food production is affected by policies on land use, water use, and population, all of which are governed by politicians more than biologists. All educated people should have some understanding of the constraints to food production, so that their roles in determining these policies are rational. The direct role of producers in management of plant diseases can be simulated for students by having them try their hand at disease assessment training programs, such as DISTRAIN (J. R. Tomerlin and A. Howell. 1988 . DIS-TRAIN: A computer program for training people to estimate disease severity in cereal diseases. Plant Dis. 72:455-459.) (Fig.  3) . Other roles of people in plant diseases are easily demonstrated in the movement of plants and pathogens from their centers of origin to new lands. Travelers should understand the need for quarantine regulations, so they will cooperate with them (Fig. 4) .
Students should be made aware of the benefits and risks of the many aspects of 
Sidebar 4 -Easy Classroom Demonstrations
Although neither course described in this article has a formal laboratory component, we bring as many materials and demonstrations as possible to class to give students a hands-on opportunity to experience plant pathology.
Potatoes -What is a tuber? What is an "eye"? Why are the sprouts better developed at one end? Why do tubers turn green? Why shouldn't you eat the green parts? Do potatoes produce flowers and seeds?
Grocery store biology is effective because students will see the same materials every time they go shopping. The materials are inexpensive, so students can explore and discover things they had not noticed before. Use of tubers is an easy way to introduce discussions of genetic uniformity, asexual reproduction, where crops came from, etc. Microbes in the environment -Give each student a petri plate with nutrient agar and allow him or her to contaminate it. Display sealed plates at the next class and point out bacteria and fungi.
The ubiquitous presence of microorganisms is an important lesson. Students can examine colonies of bacteria and fungi to begin discovering their similarities and differences. "Fungus Party" -Display the variety of edible and toxic fungi, including Botrytised wines, blue cheese under a dissecting microscope, camembert/brie cheese, corn smut, Aspergillus and foods such as peanuts, edible and poisonous mushrooms, and yeast.
Throughout history, observant humans have reaped the benefits of what must have originally been accidental contaminations of cheese, grape juice, and flour. When students see how commonplace these fungi are in our diet, they seem less foreign and intimidating. Observation of Rhizoctonia mycelium -Cut sclerotia from grocery store potatoes and place them on water agar plates to allow mycelial growth, which can be observed directly on a microscope stage and/or an overhead projector.
Introductory students have a more difficult time with the concept of a mycelium-based fungus than with the more familiar plants and animals. Students can observe the rapid colonization of the agar plate surface in a few days and come to the next class with theories and questions about the nature of fungi. Stringing DNA -Dissolve cell walls of gram-negative bacteria in 3% KOH on a slide and string the released DNA on a toothpick.
This experiment can be used to initiate discussions on a number of different topics from the nature of DNA, differences between genes in prokaryotes and eukaryotes, the basic biology of bacteria, the discovery of the gram-negative and gram-positive bacteria and differences in cell wall structure, and taxonomic features of bacteria. ELISA kits -Allow students to try kits such as those used for Pythium, Rhizoctonia, or aflatoxin and discuss the uses of ELISA in human medicine.
Discussions can include the benefits and limitations to these tests for a safe blood supply and rapid diagnosis of HIV or Lyme disease. The role of the immune system in animals and what parallels exist in plants are also interesting to students. Grocery store waste -Prepare a display of the produce discarded by a local store in a single day and discuss why this happens.
The continual competition between microorganisms and humans for food is an interesting topic for class discussions. The role of postharvest problems in various regions of the world greatly affects food storage. What biological, chemical, and physical methods exist for reducing these losses? modern agriculture, including monoculture and vegetative propagation. One effective way to talk to urban and suburban students about monoculture is through the tree disease stories such as Dutch elm disease and chestnut blight. In the eastern United States, many students live in cities and towns with an Elm Street or Chestnut Street but without any trees of those species. They will notice the rows of maples and oaks that line their streets today and come to class wondering about their vulnerability in the future. In the Midwest, students can see the continuing relentless spread of Dutch elm disease in the few remaining trees in their towns and cities. Examples like this allow students to visualize the potential hazards of monocultures. Demonstrating relevance. Students who are alienated from science need some convincing that it has relevance to their lives. At the same time, we believe that seeing practical applications of abstract principles may help students understand and remember the principles and see their applications in other realms. One of the most rewarding experiences we have is when a student describes a weekend or holiday discussion with a parent or grandparent in which the student passed on some of the practical information learned in our classes. Plant pathology provides many opportunities to teach "grocery store biology," which they may remember long after the class is over. A display of all the rotten fruit and vegetables discarded that day from a local grocery store will long be a vivid reminder of the fact that we waste more than one-third of the food we work so hard to produce (Fig. 5) .
How Plant Pathology Helps Reach Nonscience Students
It is probably not necessary to list the many interesting stories from plant pathology that can be used to accomplish the twin goals of basic biological literacy and agricultural awareness, but we will briefly discuss some of the topics that have been most successful in our classes. First, everyone is interested in food and food safety. Students are fascinated to learn where various crops originated and how they came to be dominant crops in certain areas. A well-known example is the origin of coffee in Ethiopia, its nineteenth century production in Ceylon (now Sri Lanka), Indonesia, and other Southeast Asian countries, and its current predominance in Latin America. Every student knows the slang term "java" for coffee, but few even know where Java is, and no one has yet known how tea became the social drink of the British following the coffee rust epidemics in that part of the world.
Education in relative risk is invaluable for students, and plant pathology provides excellent opportunities for them to understand the concept. At Illinois, students routinely place the risk of death due to pesticide exposure above that due to playing football or receiving vaccinations, both of which are actually more hazardous. Currently, the role of fruits and vegetables as a source of human-pathogenic bacteria is a popular media topic. Students can learn the source of these bacteria, which foods are at higher risk for contamination, possible controls, and how the food system contributes to the problem. Mycotoxins are ubiquitous in our food supply, but few students have heard of them or know what controls and regulations are in place to protect us (Fig. 6 ). These two examples can then be examined relative to the issue of pesticide residues. They also present the opportunity to consider whether "natural" really means "safe." Different human beings set their personal safety standards at different levels, but these examples are effective at demonstrating that scientists who work in food safety do not dismiss the potential health risks of pesticide residues but rather examine them relative to other food safety issues.
Students find the history of science and food interesting. The cultural aspects of what people will and will not eat, what foods were available before the biological exchange between the New and Old Worlds, and religious beliefs linked to agriculture and pathogens are fascinating to students. They are impressed with how much plant pathology people figured out through their observations of crops and how that was interpreted in their customs. The red and black color symbolism in the animal sacrifices to the Roman rust gods, the prayers and hospitals dedicated to St. Anthony in hopes of warding off the effects of ergotism, and the mystical significance of mistletoe in many European and Scandinavian mythologies all originated with people who lived a life observing plants daily rather than sitting inside watching television (Fig. 7) . The barberry laws, first passed in 1660 in Rouen, France, and also found in the early laws in the British colonies in North America, predated a scientific understanding of the heteroecious life cycle of Puccinia graminis by nearly 200 years.
Most students are familiar with the role of human diseases that followed the invasion of the Western Hemisphere by Europeans. It is a lesson of particular interest to UMass students because our town was named for the infamous Jeffrey Amherst who helped quell "problems" with the local Native Americans by giving them blankets contaminated with the smallpox virus. They are impressed that plant diseases have played similar roles in human history. Very few are aware that the Irish potato famine was caused by a new and specific fungal disease of potatoes or that ergotism was such a significant disease for many centuries in European history.
The potential for biological warfare is another popular topic in the media at the moment, but few students have considered whether our crops are as vulnerable as we are. Some of the most dramatic stories of plant pathology come from the introduction of new pathogens to unprepared host plants. The particular vulnerability of large expanses of single species grown perhaps from vegetatively propagated sources or highly genetically uniform seed is easy for them to understand. It is important, however, to emphasize why we have gone to this kind of agriculture and to consider the lives of people who are dependent each year only on the food they have grown themselves.
Students are more knowledgeable about human health than plant health, but it is disturbing how limited even that awareness is. The discussions of diagnosis, epidemiology, and management of plant diseases lead to many interesting questions and discussion of human health problems. Some of the most valuable insights seem to come from actually considering the biology of the pathogens and the kinds of ad- aptations they must make for dispersal, infection, and survival in the absence of a host. When students start thinking about these subjects in plant diseases, they automatically start thinking about their own potential pathogens and become more aware of what kinds of activities are likely to lead to disease.
Genetic engineering of plants is another area where the methods and results are already far beyond those accomplished for animals. Because this section of the course requires a basic understanding of gene structure and function, it also leads to discussions of mutation, potential for mutation repair, and what is and is not acceptable in human genetic manipulation. The plant discussions are also important to students because they are trying to decide if genetically engineered crops are safe to eat or should be labeled for consumer choice.
Because so many plant pathology examples directly affect the lives of students and, in addition, lead to connections with human health, plant pathology is an excellent vehicle to demonstrate the interest and concern of scientists about the quality of life. The fact that we acknowledge that many of these questions are difficult to answer and have a variety of acceptable answers helps to alter the stereotype of the socially irresponsible scientist.
Benefits to Potential Instructors
Compared with teaching traditional plant pathology students, we have found that teaching nonscience students is much more challenging and, at times, spectacularly rewarding or deeply frustrating. The successes, however, are more gratifying because many students actually have a lifechanging experience when they open their minds to the fascination of the biological world. Instructors in these courses have the opportunity to expose students to new ideas and to diminish their fear of science. Instructors can help students develop an appreciation of science, especially agricultural science, and may even attract a student or two into plant pathology. Finally, and perhaps most importantly, these instructors put a human face on science. We also have found that teaching general education courses helps keep us alert to the daily impact of our science. It is remarkably easy to find newspaper articles and television programs that discuss issues relevant to plant pathology courses for nonscience students. In research, we tend to focus our questions on specialized topics. It is fun to teach a class in which we can discuss a wide range of "big" questions.
Benefits to Departments Offering Such Courses
Potential instructors of nonscience student service courses may worry that there is a lack of value placed on the teaching of introductory courses in general and nonmajor and nonscience student courses in particular. Faculty members who have not taken on this challenge may suffer from the misconception that such courses require little thought or effort.
Luckily, these attitudes are changing, slowly at some institutions and more quickly at others, depending on the specific campus politics. Almost universally, plant pathology departments are being asked to participate in more ways in the undergraduate curriculum. In some cases, they may contribute to the general biology curriculum. Many of the students taking general biology courses are not planning to become biology majors. Therefore, a contribution to the curriculum for nonscience students who need biology credits may be welcome. This may help relieve the burden of excess students in the introductory general biology courses and allow those courses to be more focused for people seriously planning a future in biology. Alternatively, plant pathology courses may fulfill requirements in other general education areas, such as composition. Again, this relieves the burden on the traditional suppliers of writing courses, such as English and history departments. There is always the potential to recruit students into agricultural biology or even plant pathology, but the primary goal should be that students will develop an agricultural awareness and will view media reports with a more skeptical eye and a more open mind. Increased student credit hours for the plant pathology department is a more immediate benefit that has an increased importance and significance in many of today's universities.
Benefits for the Discipline of Plant Pathology
If we consider the future of plant pathology, we may wonder who is going to do the science and who is going to pay for it. With fewer plant pathology departments and programs, how will potential students even hear about the field? How can we reach potential students among racial and ethnic minorities who are underrepresented in plant pathology?
How can we interest urban and suburban students of all kinds who do not listen to farm reports on the radio or are unaware of the breadth of science conducted by plant pathologists? Plants remain an important component of urban areas, and many positions for plant pathologists are available in all aspects of the green industries, including turfgrass, ornamentals, and nurseries. The role of plant pathologists in nontraditional undergraduate courses can help maintain an awareness of the discipline of plant pathology even when specific departments and programs have been incorporated into multidisciplinary academic units.
Another important concern addressed by these courses is the continuing support for plant pathology teaching, extension, and research programs. In other words, will an urban general public continue to provide adequate funding to maintain the discipline in times of food surpluses? Will the public retain the land-grant mission of our universities or will food production be viewed as just another private enterprise?
Why is the public so reluctant to support agricultural research? First, food is cheap and plentiful. Most news reports are about surplus problems. People in general are suspicious of science and technology they do not understand. They don't have the educational tools to judge the relative risks of methodologies such as pesticide use and genetic engineering. Many students do not see a role for themselves in providing major input into complex and controversial decisions. Most of today's legislators, judges, lawyers, and citizens were nonscience students. Scientists are paying the price for reducing access to a basic biological literacy for all educated people.
Courses aimed at nonscience students are an investment in the future of plant pathology. If every college student graduated with some level of agricultural awareness and comfort with the basic principles of biology, we would be able to reach them as educated citizens for discussion of new and current agricultural issues (Student quotes-3). If we don't make this effort when they are students, we will meet up with them again later as legislators, judges, voters, and taxpayers incapable of making reasoned evaluation of biological and agricultural issues.
Never in history has the knowledge of science been more important in society. Never in history have most people been so removed from the production of their food. As plant pathologists, we are aware of the potential problems and crises that may threaten a stable food supply for a growing population. It is our responsibility to help everyone participate in the decisions that will do no less than affect our continuing existence on earth.
